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medie del numero di chiamate nelle 4 zone
mesi
Centro
Sud
Nord
Isole
￿
￿ ￿(￿￿￿!-￿ ￿# ￿"￿￿'￿￿#%"￿￿%""￿" ￿%￿(￿ ￿" ￿/ ￿!%￿2￿￿%￿#￿￿( "! ￿￿￿ ￿
￿￿￿￿￿￿￿￿￿￿
￿
￿ ￿
￿ ￿￿￿￿-￿￿ ￿!￿￿8￿￿￿￿￿￿￿￿ -￿￿￿￿￿￿￿ -￿￿￿￿￿ $￿￿￿8￿￿￿￿￿￿￿￿ -￿!!￿-￿￿
￿￿￿￿￿￿￿ +￿ 4￿ *$￿ 46￿+)￿ 18￿ $8+￿
,￿￿￿ +￿ ,￿ *4￿ 4+￿86￿ 4)￿ $,6￿
￿￿￿￿￿ +￿ 4￿ *5￿ 4*￿6,￿ 1*￿ )1$￿
￿!￿￿￿￿ +￿ ,￿ *4￿ 44￿1)￿ 1*￿ ,6)4￿
￿￿￿￿￿￿￿￿￿￿"￿4￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿5￿￿￿￿￿￿￿￿￿￿￿￿￿￿)￿￿￿￿￿￿￿￿26￿4￿￿￿￿￿'￿￿￿￿'￿.￿￿￿￿￿￿￿￿￿￿￿￿
￿￿-￿ ￿!￿!￿#%"!￿% ￿￿￿!￿￿(￿((%￿%￿.￿ ((￿￿￿"%￿￿%-!￿￿!￿￿￿￿￿-￿ "%￿(%￿#%￿2 ￿/%￿'￿￿!"￿0 ''￿9￿￿￿￿￿￿￿￿￿!￿￿￿￿￿%- (!/￿￿￿%"￿
&%'%￿#!￿ ￿￿!"%￿#%"￿,++5￿￿￿"￿￿%￿(￿￿￿￿!'￿"( ￿%''%￿%￿" ￿2￿￿ ￿#￿￿( "! ￿!￿￿￿￿!￿'!￿%￿￿%((￿ ￿￿9￿&%#! &%￿(%9￿￿!;￿￿7! & 3
(%￿￿￿
￿
￿2$2*￿0￿￿￿￿'￿￿￿￿,￿,,￿￿
-"!￿￿(%￿(!￿'￿￿￿￿￿%￿￿!"￿,4<￿￿%&&!￿%￿&%￿(￿%￿!"￿￿%'( ￿(%￿$$<￿'￿￿￿￿& '￿7!￿￿
￿￿￿￿￿￿￿￿￿￿,￿1￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿
￿￿-￿ ￿!￿!￿￿￿￿￿%/!#%￿2! ￿￿￿￿ ￿(!￿￿" ￿!￿#!￿￿%￿%￿2%￿(￿ ￿& '￿7!￿%￿￿%&&!￿%￿￿%""￿￿'￿￿#%"￿(%"%￿￿￿￿￿￿
￿
￿
￿2$2+￿￿0￿￿￿￿'￿￿￿￿￿￿,￿￿￿￿￿￿￿￿
￿00! &￿￿￿%"￿# ( '%(￿,*$58￿￿!&￿￿7%￿ ￿￿ ￿(%￿-￿￿￿￿ ￿*)4$4￿￿(%￿(!￿￿￿
￿￿-￿￿￿￿,￿-￿ ￿￿ "￿ $￿ (￿ +￿ /￿
)￿￿8￿￿￿￿￿￿ *$*++￿ ,*$*)￿ 8,￿ *+￿ *￿ *￿
￿￿￿￿￿￿￿￿￿￿ ￿￿￿￿￿7￿￿￿(￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿
￿￿"￿￿!"￿*,<￿#%-"!￿￿(%￿(!￿￿￿''!%#%￿￿!;￿#!￿￿￿ ￿'￿7%# ￿(%"%￿￿￿!￿ ￿￿
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medie del numero di chiamate per maschi e femmine
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￿￿￿￿￿￿￿
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￿! ￿!￿7 ￿￿￿￿￿￿ ￿￿%￿￿%￿(￿ "%￿&!￿￿￿%￿#%"￿4<￿￿
￿￿￿￿￿￿￿￿￿￿￿￿1￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿
￿￿ "!22 ￿#￿￿"%￿&%#!%￿#%"￿￿￿&%￿￿￿#!￿￿7! & (%￿￿%￿￿￿-￿
￿%((￿ (%9￿&%￿(￿%￿!"￿￿! ￿￿￿￿￿.￿%""￿￿&%￿￿￿￿(!"!22 (￿￿
￿7%9￿ ￿￿ ￿(!￿%￿# "￿#￿#!￿%'!&￿￿&%'%9￿7 ￿￿￿￿ ￿# &%￿(￿
￿
￿
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￿￿￿￿￿￿￿￿￿￿
￿
￿
￿
￿￿￿￿￿￿￿￿￿￿￿￿3￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿
9￿￿￿:￿!"￿￿! ￿￿￿( ￿!￿￿ ￿!￿￿#￿&!￿ ￿(%9￿'%-￿￿￿￿￿￿!'￿%((!/ &%￿(%
￿! ￿!￿7 ￿￿￿￿￿￿ ￿￿%￿￿%￿(￿ "%￿&!￿￿￿%￿#%"￿4<￿￿￿
1￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿
￿
￿￿ "!22 ￿#￿￿"%￿&%#!%￿#%"￿￿￿&%￿￿￿#!￿￿7! & (%￿￿%￿￿￿-￿!￿￿! ￿￿9￿"￿￿￿￿!'￿"( ￿%''%￿%￿.￿%""￿￿￿￿￿￿￿!;￿￿7! & (%￿%
￿%((￿ (%9￿&%￿(￿%￿!"￿￿! ￿￿￿￿￿.￿%""￿￿&%￿￿￿￿(!"!22 (￿￿￿￿￿((!￿-"!￿ "(￿!￿7 ￿￿￿￿/ "￿￿!￿'!&!"!￿￿ (( ￿%￿￿%2!￿￿%￿￿%￿￿!"￿￿￿
￿7%9￿ ￿￿ ￿(!￿%￿# "￿#￿#!￿%'!&￿￿&%'%9￿7 ￿￿￿￿ ￿# &%￿(￿￿/%￿'￿￿"￿ "(￿￿ #￿!￿#!￿ ￿%￿￿￿￿ ￿&%￿(￿￿#%""%￿￿7! & (%
6898<
$96< *95< *9*<
,+95<
+9,< +9*< +95<
￿ ￿ ￿ ￿ ￿ ￿ ￿
￿￿￿￿￿￿￿￿￿￿))￿￿￿￿
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medie del numero 
di chiamate nei 8 Piani tariffari
mesi
A
B
C
D
￿
!￿ ￿(%9￿'%-￿￿￿￿￿￿!'￿%((!/ &%￿(%￿￿￿%￿￿9￿!￿￿%'( ￿(!￿
￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿
￿￿￿!'￿"( ￿%''%￿%￿.￿%""￿￿￿￿￿￿￿!;￿￿7! & (%￿%￿3
"￿￿!￿'!&!"!￿￿ (( ￿%￿￿%2!￿￿%￿￿%￿￿!"￿￿￿
￿/%￿'￿￿"￿ "(￿￿ #￿!￿#!￿ ￿%￿￿￿￿ ￿&%￿(￿￿#%""%￿￿7! & (%￿￿
+95<
E
F
G
H￿ ￿
￿￿￿￿￿￿￿￿￿￿
￿
￿ ￿
,￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿
￿
"2￿￿￿￿#￿￿!!￿￿￿￿￿￿￿￿￿￿￿￿￿!￿-￿￿￿%￿￿
￿ ￿￿%-￿%''!￿￿%￿"!￿% ￿%￿:￿￿￿￿&%(￿#￿￿#!￿'(!& ￿#%"￿/ "￿￿%￿ ((%'￿￿￿￿￿#!2!￿￿ (￿￿#!￿￿￿ ￿/ ￿! 0!"%￿#!￿%￿#%￿(%￿￿9￿
# (!￿!￿/ "￿￿!￿#!￿ "(￿%￿/ ￿! 0!"!￿!￿#!￿%￿#%￿(!￿￿￿￿￿￿￿￿￿￿￿ ￿￿%-￿%''!￿￿%￿￿￿>￿%''%￿%￿￿' ( ￿￿%￿￿!￿#!/!#￿ ￿%￿%/%￿3
(￿ "!￿￿%" 2!￿￿!￿(￿ ￿/ ￿! 0!"!￿%￿'￿￿￿ ((￿((￿￿￿%￿￿￿ ￿%￿￿￿%/!'!￿￿!￿#%"" ￿/ ￿! 0!"%￿￿!'￿￿'( ￿￿￿￿￿'￿%￿#￿￿!￿/ "￿￿!￿#%!￿
￿￿%#!((￿￿!￿￿￿ ￿/ ￿! 0!"%￿%4￿￿-￿￿￿9￿" ￿.￿ ￿(!(=￿# ￿￿￿%/%#%￿%￿￿￿￿￿!￿&￿#%""!9￿ ''￿&%￿/ "￿￿!￿(￿ ￿+￿%￿,6)4￿￿￿ (￿￿!"￿
" ￿-￿￿￿ &￿￿￿#!￿/ ￿! 2!￿￿%￿#%"" ￿/ ￿! 0!"%￿:￿￿ -!￿￿%/￿"%￿￿(!"!22 ￿%￿￿￿ ￿'%&￿"!￿%￿￿%-￿%''!￿￿%￿"!￿% ￿%￿#%"￿(!￿￿￿￿
￿￿ ￿ ￿￿￿ ￿￿￿￿ ￿ ￿￿￿￿￿ ￿ ￿￿￿￿￿ ￿ ￿￿ ￿￿￿￿￿ ￿ ￿￿￿ ￿￿￿￿￿￿8￿￿'￿9￿'￿￿￿
#￿/%￿-"!￿%￿￿￿￿!￿J(￿'￿￿￿￿!￿#!￿%￿#%￿(!￿%￿#!'(￿!0￿!(!￿￿￿￿& "&%￿(%￿￿￿￿￿&%#! ￿+￿%￿#%/! 2!￿￿%￿'( ￿# ￿#￿￿￿￿￿￿￿
'￿￿!((￿￿ ￿%.￿!/ "%￿(%￿:￿" ￿'%-￿%￿(%￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿￿#￿/%￿K￿:￿￿￿ ￿& (￿!￿%￿￿￿L￿M￿￿￿%"￿￿￿'(￿￿￿# ( '%(9￿￿￿￿￿￿3
￿!'￿￿￿#%￿ "￿￿￿&%￿￿￿#!￿￿7! & (%￿%￿￿%((￿ (%￿ "￿&%'%9￿M￿N￿8￿'￿￿￿￿!￿￿￿%#!((￿￿!￿￿%"￿/%((￿￿%￿K(￿B" ￿(3%'!& ￿￿!- ￿#%"3
" ￿& (￿!￿%￿KC￿%￿￿￿N￿,+8*4*￿"%￿￿''%￿/ 2!￿￿!￿(￿( "!￿￿￿
￿"!￿!￿￿￿(￿#%"￿&￿#%""￿￿'￿￿￿￿￿
K(*￿￿￿￿￿￿￿ ￿￿￿(%￿&!￿%￿￿￿'( ￿(%￿￿-￿ "%￿ ￿￿￿￿￿￿%￿￿(￿((%￿"%￿￿''%￿/ 2!￿￿!￿B!￿(%￿￿%(( C￿￿
K(,￿￿￿ "￿%(=￿#%""￿￿(%￿(%￿ ￿￿￿!￿:￿￿%-!'(￿ ( ￿" ￿￿!&￿￿
K(4￿￿￿ !"￿￿! ￿￿￿( ￿!￿￿ ￿!￿￿#%"" ￿'￿7%# ￿(%"%￿￿￿!￿ ￿￿
K(1￿￿ " ￿2￿￿ ￿#￿￿( "! ￿#￿/%￿￿!'!%#%￿"￿￿(%￿(%￿￿
K(5￿￿ !"￿'%''￿￿￿￿
K(6￿￿￿￿￿￿ !"￿&%'%￿#!￿￿%-!'(￿ 2!￿￿%￿B/ "￿￿!￿# ￿*￿ ￿*8C￿￿
K($￿ !"￿￿￿&%￿￿￿#!￿￿&'￿!￿/! (!￿.￿%"￿&%'%￿￿
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￿"￿￿ ￿ &%(￿￿￿O￿￿ ￿￿￿%'%￿( ￿" ￿/ ￿! 0!"!(=￿￿￿￿￿" ￿.￿ "%￿!￿/ "￿￿!￿￿￿%#%((!￿# "￿&￿#%""￿￿'!￿'￿￿'( ￿￿￿# !￿/ "￿￿!￿￿% "!￿￿
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￿￿￿￿￿￿￿￿￿-￿grafici diagnostici della bontà della stima del modello plot(): grafici diagnostici della bontà della stima del model-
lo: 
• Grafico dei residui contro i valori teorici: può rivelare la presenza di una residua dipendenza sistematica non individuata 
dal modello lineare stimato. In un buon modello questo grafico dovrebbe apparire come completamente accidentale; 
• Normal q-q plot dei residui standardizzati: verifica visuale dell'assunzione di normalità della componente erratica del 
modello lineare. Quanto più i punti che rappresentano i residui ordinati giacciono in prossimità della linea q-q, tanto più 
plausibile è detta assunzione; 
• Grafico delle radici quadrate dei residui standardizzati contro i valori teorici: utile nell'individuazione di osservazioni a-
nomale e per visualizzare strutture di dipendenza residue non individuate dal modello stimato; 
• Grafico delle distanze di Cook: misure dell'influenza di ciascun individuo sulla stima dei parametri del modello. 
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model { 
  for (i in 1:n){ 
    y[i] ~ dnorm (y.hat[i], tau.y) 
    y.hat[i] <- a[id[i]] + inprod(b[],V[i,]) 
  } 
  tau.y <- pow(sigma.y, -2) 
  sigma.y ~ dunif (0, 100) 
  for(k in 1:K){ 
    b[k] ~ dnorm(0, 0.0001) 
  } 
  for (j in 1:J){ 
    a[j] ~ dnorm (mu.a, tau.a) 
  } 
  mu.a ~ dnorm (0, .0001) 
  tau.a <- pow(sigma.a, -2)   
  sigma.a ~ dunif (0, 100) 
} 
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model { 
  for (i in 1:n){ 
    y[i] ~ dnorm (y.hat[i], tau.y) 
    y.hat[i] <- a[id[i]] + inprod(b[],V[i,]) 
  } 
  tau.y <- pow(sigma.y, -2) 
  sigma.y ~ dunif (0, 100) 
  for(k in 1:K){ 
    b[k] ~ dnorm(0, 0.0001) 
  } 
  for (j in 1:J){ 
    a[j] ~ dnorm (a.hat[j], tau.a) 
    a.hat[j] <- inprod(g[],GG[j,]) 
  } 
  for (p in 1:G){ 
    g[p] ~ dnorm (0, .0001) 
  } 
  tau.a <- pow(sigma.a, -2)   
  sigma.a ~ dunif (0, 100) 
}￿
￿
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model { 
  for (i in 1:n){ 
    y[i] ~ dnorm (y.hat[i], tau.y) 
    y.hat[i] <- a[id[i]] + b[id[i]]*wave[i] + c*SMS[i] + d*MMS[i] 
  } 
  tau.y <- pow(sigma.y, -2) 
  sigma.y ~ dunif (0, 100) 
  c ~ dnorm(0, .0001)  
  d ~ dnorm(0, .0001)  
  for (j in 1:J){ 
    a[j] <- B[j,1] 
    b[j] <- B[j,2] 
    B[j,1:2] ~ dmnorm (B.hat[j,], Tau.B[,])   
    B.hat[j,1] <- mu.a 
    B.hat[j,2] <- mu.b 
  } 
  mu.a ~ dnorm(0, .0001)  
  mu.b ~ dnorm(0, .0001)  
  Tau.B[1:2,1:2] <- inverse(Sigma.B[,]) 
  Sigma.B[1,1] <- pow(sigma.a, 2) 
  sigma.a ~ dunif (0, 100) 
  Sigma.B[2,2] <- pow(sigma.b, 2) 
  sigma.b ~ dunif (0, 100) 
  Sigma.B[1,2] <- rho*sigma.a*sigma.b 
  Sigma.B[2,1] <- Sigma.B[1,2] 
  rho ~ dunif (-1, 1) 
}￿
￿
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model { 
  for (i in 1:n){ 
    y[i] ~ dnorm (y.hat[i], tau.y) 
    y.hat[i] <- a[id[i]] + b[id[i]]*wave[i] + c*SMS[i] + d*MMS[i] 
  } 
  tau.y <- pow(sigma.y, -2) 
  sigma.y ~ dunif (0, 100) 
  c ~ dnorm(0, .0001)  
  d ~ dnorm(0, .0001)  
  for (j in 1:J){ 
    a[j] <- B[j,1] 
    b[j] <- B[j,2] 
    B[j,1:2] ~ dmnorm (B.hat[j,], Tau.B[,]) 
    B.hat[j,1] <- inprod(g.a[], U[j,]) 
    B.hat[j,2] <- inprod(g.b[], U[j,]) 
  } 
  for (l in 1:L){ 
    g.a[l] ~ dnorm (0, .0001) 
    g.b[l] ~ dnorm (0, .0001) 
  } 
  Tau.B[1:2,1:2] <- inverse(Sigma.B[,]) 
  Sigma.B[1,1] <- pow(sigma.a, 2) ￿ ￿
￿￿￿￿￿￿￿￿￿￿
￿
￿ ￿
  sigma.a ~ dunif (0, 100) 
  Sigma.B[2,2] <- pow(sigma.b, 2) 
  sigma.b ~ dunif (0, 100) 
  Sigma.B[1,2] <- rho*sigma.a*sigma.b 
  Sigma.B[2,1] <- Sigma.B[1,2] 
  rho ~ dunif (-1, 1) 
}￿
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model { 
  for (i in 1:n){ 
    y[i] ~ dnorm (y.hat[i], tau.y) 
    y.hat[i] <- inprod(B[id[i],],V[i,]) 
  } 
  tau.y <- pow(sigma.y, -2) 
  sigma.y ~ dunif (0, 100) 
  for (j in 1:J){ 
    for(k in 1:K){ 
  B[j,k] <- xi[k]*B.raw[j,k] 
    } 
    B.raw[j,1:K] ~ dmnorm(mu.raw[], Tau.B.raw[,]) 
  } 
  for(k in 1:K){ 
    mu[k] <- xi[k]*mu.raw[k] 
    mu.raw[k] ~ dnorm(0, .0001) 
    xi[k] ~ dunif(0, 100) 
  } 
  Tau.B.raw[1:K,1:K] ~ dwish(W[,],df) 
  df <- K + 1 
  Sigma.B.raw[1:K,1:K] <- inverse(Tau.B.raw[,]) 
  for(k in 1:K){ 
    for(k.prime in 1:K){ 
  rho.B[k,k.prime] <- Sig-
ma.B.raw[k,k.prime]/sqrt(Sigma.B.raw[k,k]*Sigma.B.raw[k.prime,k.prime]) 
    } 
    sigma.B[k] <- abs(xi[k])*sqrt(Sigma.B.raw[k,k])
  } 
}￿
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model { 
  for (i in 1:n){ 
    y[i] ~ dnorm (y.hat[i], tau.y) 
    y.hat[i] <- inprod(B[id[i],],V[i,]) 
  } 
  tau.y <- pow(sigma.y, -2) 
  sigma.y ~ dunif (0, 100) 
  for (k in 1:K){ 
    for(j in 1:J){ 
  B[j,k] <- xi[k]*B.raw[j,k] 
    } 
    xi[k] ~ dunif(0, 100) 
  } ￿ ￿
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  for(j in 1:J){ 
    B.raw[j,1:K] ~ dmnorm(B.raw.hat[j,], Tau.B.raw[,]) 
    for(k in 1:K){ 
  B.raw.hat[j,k] <- inprod(G.raw[k,],U[j,]) 
    } 
  } 
  for(k in 1:K){ 
    for(l in 1:L){ 
  G[k,l] <- xi[k]*G.raw[k,l] 
  G.raw[k,l] ~ dnorm(0, .0001) 
    } 
  } 
  Tau.B.raw[1:K,1:K] ~ dwish(W[,],df) 
  df <- K + 1 
  Sigma.B.raw[1:K,1:K] <- inverse(Tau.B.raw[,]) 
  for(k in 1:K){ 
    for(k.prime in 1:K){ 
  rho.B[k,k.prime] <- Sig-
ma.B.raw[k,k.prime]/sqrt(Sigma.B.raw[k,k]*Sigma.B.raw[k.prime,k.prime]) 
    } 
    sigma.B[k] <- abs(xi[k])*sqrt(Sigma.B.raw[k,k])
  } 
}￿
￿
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model { 
  for (i in 1:n){ 
    y[i] ~ dnorm (y.hat[i], tau.y) 
    y.hat[i] <- a[id[i]]  
  } 
  tau.y <- pow(sigma.y, -2) 
  sigma.y ~ dunif (0, 100) 
   
  for (j in 1:J){ 
    a[j] ~ dnorm (a.hat[j], tau.a) 
    a.hat[j] <- ga[id1[j]]  
  } 
  tau.a <- pow(sigma.a, -2)   
  sigma.a ~ dunif (0, 100) 
  for (l in 1:L){ 
    ga[l] ~ dnorm (mu.ga, tau.ga) 
  }   
  mu.ga ~ dnorm (0, .0001) 
  tau.ga <- pow(sigma.ga, -2)   
  sigma.ga ~ dunif (0, 100) 
}￿
￿
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model { 
  for (i in 1:n){ 
    y[i] ~ dnorm (y.hat[i], tau.y) 
    y.hat[i] <- a[id[i]] + b*wave[i] + c*SMS[i] + d*MMS[i] 
  } ￿ ￿
￿￿￿￿￿￿￿￿￿￿
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  tau.y <- pow(sigma.y, -2) 
  sigma.y ~ dunif (0, 100) 
  b ~ dnorm(0, 0.0001) 
  c ~ dnorm(0, 0.0001) 
  d ~ dnorm(0, 0.0001) 
   
  for (j in 1:J){ 
    a[j] ~ dnorm (a.hat[j], tau.a) 
    a.hat[j] <- ga[id1[j]] + inprod(gb[],PP[j,]) 
  } 
  tau.a <- pow(sigma.a, -2)   
  sigma.a ~ dunif (0, 100) 
  for (p in 1:P){ 
    gb[p] ~ dnorm (0, .0001) 
  } 
  for (l in 1:L){ 
    ga[l] ~ dnorm (ga.hat[l], tau.ga) 
    ga.hat[l] <- inprod(k[],KK[l,]) 
  }   
  for (t in 1:T){ 
    k[t] ~ dnorm (0, .0001) 
  } 
  tau.ga <- pow(sigma.ga, -2)   
  sigma.ga ~ dunif (0, 100) 
}￿
￿
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model { 
  for (i in 1:n){ 
    y[i] ~ dnorm (y.hat[i], tau.y) 
    y.hat[i] <- a[id[i]] + b[id[i]]*wave[i] + c*SMS[i] + d*MMS[i] 
  } 
  tau.y <- pow(sigma.y, -2) 
  sigma.y ~ dunif (0, 100) 
  c ~ dnorm(0, .0001)  
  d ~ dnorm(0, .0001)  
  for (j in 1:J){ 
    a[j] <- B[j,1] 
    b[j] <- B[j,2] 
    B[j,1:2] ~ dmnorm (B.hat[j,], Tau.B[,]) 
    B.hat[j,1] <- ga[id1[j]] + inprod(ta[], PP[j,])
    B.hat[j,2] <- gb[id1[j]] + inprod(tb[], PP[j,])
  } 
  for (p in 1:M){ 
    ta[p] ~ dnorm (0, .0001) 
    tb[p] ~ dnorm (0, .0001) 
  } 
  Tau.B[1:2,1:2] <- inverse(Sigma.B[,]) 
  Sigma.B[1,1] <- pow(sigma.a, 2) 
  sigma.a ~ dunif (0, 100) 
  Sigma.B[2,2] <- pow(sigma.b, 2) 
  sigma.b ~ dunif (0, 100) 
  Sigma.B[1,2] <- rho*sigma.a*sigma.b ￿ ￿
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  Sigma.B[2,1] <- Sigma.B[1,2] 
  rho ~ dunif (-1, 1) 
  for (l in 1:L){ 
    ga[l] <- B2[l,1] 
    gb[l] <- B2[l,2] 
    B2[l,1:2] ~ dmnorm (B2.hat[l,], Tau.B2[,]) 
    B2.hat[l,1] <- inprod(ka[], KK[l,]) 
    B2.hat[l,2] <- inprod(kb[], KK[l,]) 
  }   
  for (t in 1:T){ 
    ka[t] ~ dnorm (0, .0001) 
    kb[t] ~ dnorm (0, .0001) 
  } 
  Tau.B2[1:2,1:2] <- inverse(Sigma.B2[,]) 
  Sigma.B2[1,1] <- pow(sigma.ga, 2) 
  sigma.ga ~ dunif (0, 100) 
  Sigma.B2[2,2] <- pow(sigma.gb, 2) 
  sigma.gb ~ dunif (0, 100) 
  Sigma.B2[1,2] <- rho2*sigma.ga*sigma.gb 
  Sigma.B2[2,1] <- Sigma.B2[1,2] 
  rho2 ~ dunif (-1, 1) 
}￿
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model { 
  for (i in 1:n){ 
    y[i] ~ dnorm (y.hat[i], tau.y) 
    y.hat[i] <- a[id[i]] + b[id[i]]*wave[i] + c*SMS[i] + d*MMS[i] 
  } 
  tau.y <- pow(sigma.y, -2) 
  sigma.y ~ dunif (0, 100) 
  c ~ dnorm(0, .0001)  
  d ~ dnorm(0, .0001)  
  for (j in 1:J){ 
    a[j] <- B[j,1] 
    b[j] <- B[j,2] 
    B[j,1:2] ~ dmnorm (B.hat[j,], Tau.B[,]) 
    B.hat[j,1] <- ga[id1[j]]  
    B.hat[j,2] <- gb[id1[j]]  
  } 
  Tau.B[1:2,1:2] <- inverse(Sigma.B[,]) 
  Sigma.B[1,1] <- pow(sigma.a, 2) 
  sigma.a ~ dunif (0, 100) 
  Sigma.B[2,2] <- pow(sigma.b, 2) 
  sigma.b ~ dunif (0, 100) 
  Sigma.B[1,2] <- rho*sigma.a*sigma.b 
  Sigma.B[2,1] <- Sigma.B[1,2] 
  rho ~ dunif (-1, 1) 
  for (l in 1:L){ 
    ga[l] <- B2[l,1] 
    gb[l] <- B2[l,2] 
    B2[l,1:2] ~ dmnorm (B2.hat[l,], Tau.B2[,]) 
    B2.hat[l,1] <- mu.ga 
    B2.hat[l,2] <- mu.gb ￿ ￿
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  }   
  mu.ga ~ dnorm (0, .0001) 
  mu.gb ~ dnorm (0, .0001) 
  Tau.B2[1:2,1:2] <- inverse(Sigma.B2[,]) 
  Sigma.B2[1,1] <- pow(sigma.ga, 2) 
  sigma.ga ~ dunif (0, 100) 
  Sigma.B2[2,2] <- pow(sigma.gb, 2) 
  sigma.gb ~ dunif (0, 100) 
  Sigma.B2[1,2] <- rho2*sigma.ga*sigma.gb 
  Sigma.B2[2,1] <- Sigma.B2[1,2] 
  rho2 ~ dunif (-1, 1) 
}￿
￿
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model { 
  for (i in 1:n){ 
    y[i] ~ dnorm (y.hat[i], tau.y) 
    y.hat[i] <- mu + ga[prov[i]] + a[id[i]] + b[id[i]]*wave[i] + c*SMS[i] + 
d*MMS[i] 
  } 
  mu.adj <- mu + mean(ga[]) + mean(a[]) 
  mu ~ dnorm(0, .0001) 
  tau.y <- pow(sigma.y, -2) 
  sigma.y ~ dunif (0, 100) 
  c ~ dnorm(0, .0001)  
  d ~ dnorm(0, .0001)  
  for(k in 1:K){ 
    ga[k] ~ dnorm (mu.ga, tau.ga) 
    ga.adj[k] <- ga[k] - mean(ga[]) 
  } 
  mu.ga ~ dnorm(0, .0001) 
  tau.ga <- pow(sigma.ga, -2) 
  sigma.ga ~ dunif (0, 100) 
  for (j in 1:J){ 
    a[j] <- B[j,1] 
    b[j] <- B[j,2] 
    B[j,1:2] ~ dmnorm (B.hat[j,], Tau.B[,])   
    B.hat[j,1] <- mu.a 
    B.hat[j,2] <- mu.b 
    a.adj[j] <- a[j] - mean(a[]) 
  } 
  mu.a ~ dnorm(0, .0001)  
  mu.b ~ dnorm(0, .0001)  
  Tau.B[1:2,1:2] <- inverse(Sigma.B[,]) 
  Sigma.B[1,1] <- pow(sigma.a, 2) 
  sigma.a ~ dunif (0, 100) 
  Sigma.B[2,2] <- pow(sigma.b, 2) 
  sigma.b ~ dunif (0, 100) 
  Sigma.B[1,2] <- rho*sigma.a*sigma.b 
  Sigma.B[2,1] <- Sigma.B[1,2] 
  rho ~ dunif (-1, 1) 
}￿
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model { 
  for (i in 1:n){ 
    y[i] ~ dnorm (y.hat[i], tau.y) 
    y.hat[i] <- inprod(B[id[i],],V[i,]) + inprod(G[wave[i],],Z[i,]) 
  } 
  tau.y <- pow(sigma.y, -2) 
  sigma.y ~ dunif (0, 100) 
  for (j in 1:J){ 
    for(k in 1:K){ 
  B[j,k] <- xi[k]*B.raw[j,k] 
    } 
    B.raw[j,1:K] ~ dmnorm(mu.raw[], Tau.B.raw[,]) 
  } 
  for(k in 1:K){ 
    mu[k] <- xi[k]*mu.raw[k] 
    mu.raw[k] ~ dnorm(0, .0001) 
    xi[k] ~ dunif(0, 100) 
  } 
  Tau.B.raw[1:K,1:K] ~ dwish(W[,],df) 
  df <- K + 1 
  Sigma.B.raw[1:K,1:K] <- inverse(Tau.B.raw[,]) 
  for(k in 1:K){ 
    for(k.prime in 1:K){ 
  rho.B[k,k.prime] <- Sig-
ma.B.raw[k,k.prime]/sqrt(Sigma.B.raw[k,k]*Sigma.B.raw[k.prime,k.prime]) 
    } 
    sigma.B[k] <- abs(xi[k])*sqrt(Sigma.B.raw[k,k])
  } 
  for (t in 1:T){ 
    a[t] <- G[t,1] 
    b[t] <- G[t,2] 
    G[t,1:2] ~ dmnorm (G.hat[t,], Tau.G[,])   
    G.hat[t,1] <- mu.a 
    G.hat[t,2] <- mu.b 
  } 
  mu.a ~ dnorm(0, .0001)  
  mu.b ~ dnorm(0, .0001)  
  Tau.G[1:2,1:2] <- inverse(Sigma.G[,]) 
  Sigma.G[1,1] <- pow(sigma.a, 2) 
  sigma.a ~ dunif (0, 100) 
  Sigma.G[2,2] <- pow(sigma.b, 2) 
  sigma.b ~ dunif (0, 100) 
  Sigma.G[1,2] <- rho*sigma.a*sigma.b 
  Sigma.G[2,1] <- Sigma.G[1,2] 
  rho ~ dunif (-1, 1) 
}￿
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model { 
  for(i in 1:n){ 
    y[i,1:3] ~ dmnorm(y.hat[i,], Tau.Y.raw[,]) 
    y.hat[i,1] <- a1[id[i]] + inprod(b1[],V[i,]) 
    y.hat[i,2] <- a2[id[i]] + inprod(b2[],V[i,]) 
    y.hat[i,3] <- a3[id[i]] + inprod(b3[],V[i,]) 
    } 
  for(l in 1:3){ 
    xi[l] ~ dunif(0, 100) 
  }   
    Tau.Y.raw[1:3,1:3] ~ dwish(W[,],df) 
    df <- 4 
    Sigma.Y.raw[1:3,1:3] <- inverse(Tau.Y.raw[,]) 
    for(l in 1:3){ 
      for(l.prime in 1:3){ 
      rho.Y[l,l.prime] <- Sig-
ma.Y.raw[l,l.prime]/sqrt(Sigma.Y.raw[l,l]*Sigma.Y.raw[l.prime,l.prime]) 
        } 
        sigma.Y[l] <- sqrt(Sigma.Y.raw[l,l]) 
    } 
  for(k in 1:K){ 
    b1[k] ~ dnorm(0, 0.0001) 
    b2[k] ~ dnorm(0, 0.0001) 
    b3[k] ~ dnorm(0, 0.0001) 
  } 
   
  for (j in 1:J){ 
    a1[j] ~ dnorm (mu.a1, tau.a1) 
    a2[j] ~ dnorm (mu.a2, tau.a2) 
    a3[j] ~ dnorm (mu.a3, tau.a3) 
  } 
  mu.a1 ~ dnorm (0, .0001) 
  tau.a1 <- pow(sigma.a1, -2)   
  sigma.a1 ~ dunif (0, 100) 
  mu.a2 ~ dnorm (0, .0001) 
  tau.a2 <- pow(sigma.a2, -2)   
  sigma.a2 ~ dunif (0, 100) 
  mu.a3 ~ dnorm (0, .0001) 
  tau.a3 <- pow(sigma.a3, -2)   
  sigma.a3 ~ dunif (0, 100) 
}￿
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